of MGL, all of which reveal that MGL is an S-like RNase.
four ␤ strands, with strands ␤ a-1 and ␤ a-4 in the middle of the sheet and strands ␤ a-2 and ␤ a-3 adjacent to strands Further experiments verified that the previously detected RNA N-glycosidase activity resulted from an im-␤ a-1 and ␤ a-4 , respectively, and each pair of the two adjacent ␤ strands are antiparallel to each other. The other purity in the lyophilized powder, which possessed exceedingly high activity of RNA N-glycosidase and three ␤ sheets, ␤ b , ␤ c , and ␤ d , are all two-stranded antiparallel ones. existed in minor quantity in the lyophilized powder. The mechanism of action of MGL is discussed in this paper,
The secondary structures of MGL are very similar to those of the other four S-and S-like RNases with known based on the crystal structure of MGL in which three hydrosulfate ions are bound in the active site pocket crystal structures, as shown in Figure 2 . However, MGL contains an additional ␤ sheet, ␤ b , which is located in one and mimic the substrate binding sites.
of the hypervariable regions HV b (Green, 1994 ; Matton et al., 1997) proposed to be the S-allele discrimination sites Results of S-RNases during the self-incompatibility reaction. There is no insertion or deletion in MGL in this region, N-Terminal Sequence compared with the three S-like RNases with unknown The sequence of the 20 N-terminal residues was detercrystal structures, AhSL28, AmSL28, and RNS2. Howmined to be DEREFDYFILALQWAGTSCR. ever, there are two to seven insertions in MGL when it is compared to RNase LE, RNase MC1, S 3 -RNase, and Overall Structure S F11 -RNase, so that their secondary structures are very The refinement statistics of the crystal structure are different form each other in this region. For example, in summarized in Table 1 . The R factor and R free are 19.9% this region there is a 3 10 helix and an ␣ helix in RNase and 23.7%, respectively. The rms deviations form the S 3 and RNase S F11 , respectively, both of which are ideal bond lengths and bond angles are 0.0058 Å and S-RNases, and only the extension toward N terminus of 1.3Њ, respectively. There is 1 MGL molecule in each an ␣ helix was observed in S-like RNases LE and MC1. asymmetric unit, which consists of 209 amino acid resiIn the MGL molecule one of the 3 10 helices is located in dues; however, the 3 N-terminal residues showed weak HV a region (Green, 1994 The disulfide pattern of MGL is shown in Figure 2 , covered by these segments is 114. and those in RNase LE, RNase MC1, S 3 -RNase, and S F11 -The X-ray sequence-based homolog search reveals RNase are also shown for comparison. There are less that MGL is homologous to three S-like RNases: AhSL28 disulfide bridges in the other four known S-and S-like (from Antirrhinum majus x Antirrhinum hispanicum, RNase structures, six in RNase LE and four in RNase CAD33235), AmSL28 (from Antirrhinum mollissimum, MC1, S 3 -RNase, and S F11 -RNase. MGL shares three com-CAD50874), and RSN2 (from Arabidopsis thaliana, mon disulfide bridges, Cys58-Cys108, Cys170-Cys198, NP_030524), with approximately 50% identical residues and Cys182-Cys192, with all of the other four structures. in their sequences. Figure 2 shows the X-ray sequence There is another disulfide bridge, Cys26-Cys84, in MGL, of MGL aligned with these three proteins as well as with which is common to RNase LE. In the segment Arg20-the four proteins with known crystal structures, a In order to prevent the crystals from cracking, the crystals were soaked in the reservoir solution containing (NH 4 ) 3 IrCl 6 at a series of concentrations, increasing gradually from 10 to 100 mM with an interval of 10 mM, 30 min at each concentration, and 24 hr at the final one. b The X-ray data indicated that the space group was P6 1 or P6 5 , and it was determined to be P6 1 during the phasing based on the anomalous dispersion. c R sym ϭ ⌺(|I Ϫ ϽIϾ|)/⌺(I ). d The numbers in parentheses correspond to the data in the highest resolution shell (2.20-2.25, 2.80-2.87, and 3.00-3.07 Å for native, Pt, and Ir derivatives, respectively).
e The percentage of the reflections with mean signal-to-noise ratio larger than 3.
f Isomorphous difference ratio between each heavy atom derivative (F ph ) and native (F p ), calculated at 3 Å resolution.
g Anomalous difference ratio of each heavy atom derivative, calculated at 3 Å resolution.
where E is the residual lack of closure error. i R kraut ϭ ⌺|(|F p ϩ F h | Ϫ |F ph |)|/⌺|F p |, calculated at 3 Å resolution, where F h is the heavy atom structure factor amplitude. j Phasing power ϭ sqrtϽF h 2 Ͼ/sqrtϽE 2 Ͼ, calculated at 3 Å resolution. k Mean figure of merit after density modification, calculated at 3 Å resolution. l R ϭ ⌺||Fo| Ϫ |Fc||/⌺ |Fo|. m R free is calculated from 10% of the X-ray data, randomly selected for cross-validation (Brunger, 1992 Table 2. density. However, the X-ray sequence of trichomaglin reported in this paper was obtained by combining with the partial sequence information from mass spectroRNase Activity The X-ray sequence and the three-dimensional structure scopic analysis. A total of 114 amino acid residues of the X-ray sequence agree with the sequence information reveal that trichomaglin is a novel S-like RNase, which was verified by the biological assay for RNase activity. from MS and/or the experimentally determined N-terminal sequence, and Asp1-Arg3 are also determined Figure 7 shows the variation of the difference optical ., 2000) . The tryptophan is highly conserved by experiments, although they could not be located by in S-and S-like RNases, and the tyrosine is replaced X-ray analysis. The number of these residues comes to by tryptophan in RNases AhSL28, AmSL28, and RNS2 117, which is 56% of the X-ray sequence shown in 
Biological Activity
The phasing statistics are shown in Table 1 annealing "omit" maps, which were computed by systematically omitting ten residues at a time with one residue overlap between Experimental Procedures two adjacent "omit" maps. In the late stage, more MS sequencing information were available, and the X-ray sequence was further N-Terminal Sequence Determination improved to match both the MS sequence and the electron density. The MGL crystals were washed using the reservoir solution, dissolved in water, concentrated at low temperature using Centricon
The refinement was carried out using program CNS and the man- 
